ABSTRACT Hens are motivated to seek out an enclosed nest site, but it is unclear whether the single communal nest in enriched colony cages (EC) adequately supports nesting. One method to investigate this is to provide an "alternative nest site" and determine the effects on laying location, timing of oviposition, and pre-laying behavior. The objective of this experiment was to determine whether increasing the degree of enclosure in the scratch area would influence egg laying location, time of oviposition, and pre-laying behavior. Hy-Line W-36 hens (n = 1,560) were reared in standard cages and housed in four rooms, each with six ChoreTime EC, at wk 17 (65 birds/cage at 729 cm 2 floor space and 62 cm 2 nest space per bird). At 21 wk, the scratch area of the enclosed (E; n = 12) treatment cages was fitted with a wire partition and red vinyl curtain; open (O; n = 12) cages were unmodified. The number of eggs laid in each location (nest, middle, scratch) was counted over 4 d. Nest and scratch areas were instantaneously scan sampled every 20min from 0630 h to 1330 h to count the number of sitting hens and the number of eggs. Aggressive pecks, threats, and displacements were counted in each area during a 30 s interval scan (3 scans/time period, 5 periods). Mixed model analyses tested the effect of treatment, time, room, position, and tier. There was no significant main effect of treatment on the percentage of eggs laid in the nest or scratch areas, but E treatment hens were more aggressive (P = 0.027). The numbers of hens sitting and eggs laid in the nest peaked between 0830 h to 0930 h (P < 0.0001), with a peak in displacements between 0800 h to 1000 h (P < 0.0001). Peak laying time occurred later in the scratch area (0930 h to 1030 h). Treatment affected few nesting behavior patterns, and the behavior differences between the nest and scratch areas replicated earlier findings. Hy-Line W-36 hens seemed to perceive the existing nest as satisfactory, with little evidence for competition.
INTRODUCTION
Enriched colony cages have been designed to support highly motivated behaviors, especially nesting (Weeks and Nicol, 2006) . Although there are different manufacturers, the general design is similar across most models and includes a single large communal nest. These nests always include some degree of enclosure, usually provided by plastic curtains, and a surface usually made of turf, plastic mesh, or coated wire. These two main nest characteristics, enclosure and surface, have both been shown to influence both nest choice and nesting behavior (Struelens et al., 2005; . The space requirements for nests in enriched colony cages (EC) have been largely undetermined and therefore few specific guidelines about nest design, including nest size, have C 2016 Poultry Science Association Inc. Received August 25, 2016. Accepted October 27, 2016. 1 Corresponding authors: mhunnifo@uoguelph.ca (MEH); twidowsk@uoguelph.ca (TMW) been provided in current codes of practice (e.g., European Commission, 1999) .
Nesting behavior is comprised of two phases: the searching phase and the sitting phase. During the searching phase, a hen seeks out possible laying locations, often visually inspecting potential sites. When nest sites are inadequate or unavailable, the searching phase often manifests over an extended period of time (Wood-Gush, 1972; Freire et al., 1996) , may include pacing behavior (Cooper and Appleby, 1996) , and may be accompanied by aggressive behavior (Duncan, 1970; Duncan and Wood-Gush, 1971 ). The sitting phase commences once a hen has found a nest site; however, if there are no suitable nest sites, this phase may not occur at all (Duncan, 1970) . Hens may sit for up to 25 min, and a measure of settled nesting is an undisturbed sitting phase (Freire et al., 1998) . There are some considerable differences in nesting behavior among strains: motivation to lay in an enclosed nest (e.g., white hens vs. brown; Wood-Gush, 1972; Singh et al., 2009; Wall, 2011) ; amount of time occupying a nest (Icken et al., 2012) ; and the distribution of ovipo-1515 sition times relative to onset of light (e.g., some strains lay more eggs in a shorter window of time, while others are more widely distributed; Patterson, 1997; Appleby, 2004; Icken et al., 2012) . All of these factors may influence the adequacy of nests in EC for different strains of hens in terms of both nest design and the amount of nest space provided.
A previous experiment ) was designed to test the effect of cage and nest space allowance on nest use and pre-laying behavior in EC. Lohmann Select Leghorn-Lite hens in small EC (groups of 28 or 40; 100 vs. 70 cm 2 nest space per bird, respectively) laid more eggs in the nest compared to hens in a larger EC (groups of 55 or 80). Additionally, hens in the small EC with low space allowance were more aggressive during the laying period than the other treatment combinations. Hens in large cages had a distinct peak in oviposition time between 0800 h and 0900 h, whereas hens in small cages laid eggs fairly evenly over a 3 hour period (between 0700 and 1000 h). Because egg production was similar between small and large EC and varying floor and nest space allowance to make conditions more crowded did not affect where the egg was laid, distributing peak lay over 3 h rather than 1 h may have encouraged nest usage in small EC, thus explaining in part why hens of small EC laid almost 92% of their eggs in the nest as compared to 77% in the large EC. To avoid overcrowding due to high use of the nest from 0800 to 0900 h, hens of large EC may have perceived the scratch area as an attractive alternative nesting area. In particular, a wire partition from the cage floor to the ceiling bisected the scratch area in the large EC but not in small EC . We hypothesized that the hens recognized the greater degree of enclosure in the scratch area afforded by the wire partition in the large cages as an alternative nest site and used it to avoid overcrowding in the nest.
A follow up study using the same cages, with hens in groups of six, demonstrated that the wire partition alone was enough to shift hens' laying patterns: 10% more eggs were laid in the scratch area when the partition was present than when it was not (Hunniford and Widowski, 2016b) . Additionally, hens searched the scratch area more and were less aggressive in EC with the partition. These results suggest that a simple design modification was enough to affect nest choice and pre-laying behavior contributing to hens recognizing an alternative site for nesting. It is important to illustrate that egg laying on scratch mats can be detrimental for egg quality and hygiene (Wall, 2011; Guinbrutiere et al., 2012; Jones et al., 2014) and may interfere with foraging and dustbathing. However, under experimental conditions, observing hens with the additional "alternative nest site" can provide insight into how much competition there may be for the nest.
The current experiment aimed to build upon the previous study by investigating the impact of adding a partition in the scratch area in a different model of enriched colony cage without the cage size and design confound of the earlier experimental design and using another strain of hen. In the present experiment, W-36 hens were housed in enriched colony cages and the treatments were applied at 21 wk of age. In the enclosed treatment (E), the scratch areas were altered by attaching a wire partition to the side of the feed auger and adding a solid curtain on the end of the cage to create a visual barrier between birds in adjacent cages. The open treatment (O) was unaltered. The objective was to determine the effect of increasing the degree of "enclosure" in the scratch area on egg location, time of oviposition, and pre-laying behavior in large enriched colony cages. We hypothesized that increasing the degree of enclosure in the scratch area would create an alternative nest site. Therefore, we predicted that if hens in these cages perceived the nests as crowded, then those hens in the E treatment would lay more eggs in the scratch area and be less aggressive during the prelaying period. Furthermore, more hens would sit in both nest and scratch locations in the E compared to the O cages causing oviposition times in the O treatment to shift to a later time. 2 /bird; red curtains, artificial turf surface), perches running length-wise in the middle of the cage (16.0 cm/bird), a scratch mat (rubber mat surface; details below), automatic feeders on the outside of both sides of the cage (11.3 cm/bird), and nipple drinkers (8.1 birds/nipple). Feed and water were provided ad libitum. Feeding times were at 0600 h, 1400 h, and 1930 h with two 10 s feeding stimulations at 0900 h and 1645 h. The light period was 10L:14D at placement and increased by 1 h light per wk until week 20 (13L:11D), 0.5 h light per wk until week 22 (14L:10D), and 0.25 h light per wk from week 23 to 30 (final photoperiod 16L:8D; 10 to 15 lux). During data collection, hens were between 29 and 30 weeks of age and the lights came on at 0500 h and turned off at 2100 h. Light emitting diode bulbs with dim to red technology (AgriShift PL 12 watt bulb from ONCE Innovations Lighting, Plymouth, MN) were used throughout the adult period. This trial used six enriched colony cages per room from four rooms (n = 24); each room had three cages per tier in two tiers, positioned at the front, middle and back of the room (Figure 1 ). The top tier of cages in each room was not used for this experiment. All research on live animals met the guidelines approved by the institutional animal care and use committee (AUF: 01/15-025-00).
MATERIALS AND METHODS

Animals and Housing
Experimental Design
Two treatments were created by either adding a wire partition to the scratch area or not: partially enclosed or open. Treatments were installed at week 21 and were alternated between tiers, rooms and position within a room to create a randomized design. Each room had three altered and three unaltered cages (Figure 1 ). Wire partitions (43.2 cm tall × 61.0 cm wide) were attached to the auger and the drinker using clear plastic cable ties so that they extended from the top of the drinker line to the floor of the cage, and from either end of the scratch area. One vinyl curtain, similar in color, size, and shape as the curtain on the inside of the nest, was attached to the end of the cage perpendicular to the wire partition in the scratch area ( Figure 2 ). Each scratch area was equipped with a small, smooth black plastic scratch mat (35.6 cm wide × 40.6 cm deep), with 
Egg Measures
To calculate the timing of egg laying, the number of eggs and their position on the egg belt (nest, scratch, or middle) were recorded every 20 min during the instantaneous sitting scan sample (over four days, see below). Eggs were moved manually to one side of the egg belt and a cumulative tally was kept throughout the observation period. Observers entered all egg and behavior data into a spreadsheet using a tablet (Samsung Galaxy Tab 4; Android 4.4). Eggs were counted and collected the previous night to account for any eggs laid after egg collection; eggs were also counted the following evening to calculate the number of eggs laid in the afternoon. The total number of eggs laid in each location was recorded between 1430 h and 1530 h each day for four days. Hen-day egg production was also determined.
Behavior Measures
Sitting Behavior. To determine the number of hens sitting during the laying period, four areas of the cagescratch mat, scratch corner, nest corner, and nest-were instantaneously scan sampled (adapted from Hunniford et al., 2014) . Two observers moved sequentially from one cage to another, one on either side. Starting at either the front or back of the room (starting location was randomized by day), observers counted the number of hens sitting in each of four areas of the cage. Hens were defined as sitting when their body (i.e., keel bone) was parallel with the bottom of the cage, but their head was erect and their eyes were open (Table 1) . Sitting during the morning period is generally considered to be related to pre-laying behavior as opposed to resting, especially if it is performed at the nest site (Cooper and Albentosa, 2003; Khalil et al., 2004) . Observers stood ca. 30 cm away from the cages to avoid affecting hen behavior. Scan sampling of sitting behavior took place over 4 d; 2 rooms were scored each day (12 cages) and each room was scored twice (e.g., Day 1: Room 1 and 12; Day 2: Room 5 and 10; Day 3: Room 1 and 10; Day 4: Room 5 and 12). Scans were conducted every 20 min beginning at 0630 h and ending at 1330 h. These times were chosen after a previous survey of the egg laying patterns in these cages showed hens started laying 1.5 h after lights-on and finished laying around 1200 h. Therefore, it was predicted they would exhibit pre-laying sitting behavior during that period.
Aggressive Behavior. Aggression was quantified using 30 s interval scans of the scratch area (scratch mat + corner) and nest area (nest box + corner; methods adapted from Hunniford et al., 2014) . Two observers recorded all occurrences of displacements, threats, and aggressive pecks (defined in Table 1 ), moving sequentially from one area to another on opposite sides of the same cage. One full scan meant observing each of two areas of the cage for 30 s (1 min per cage) for six cages in two rooms (total of 12 cages). Therefore, each scan took approximately 12 min. One observer used a digital timer to mark the 30 s observation time for each area, signaling when to move to the next area; observers did not start their observation until they were in position in front of the cage. One observation period was comprised of three scans, which took 36 min to complete (+4 min travel time). There were five observation periods each day: 0630 h to 0710 h, 0800 h to 0840 h, 0930 h to 1010 h, 1100 h to 1140 h, 1230 h to 1310 h. These times were chosen to coincide with the beginning and ending of the laying period, which in previous research was shown to coincide with the frequency of aggression . Aggression scans were completed over four observation days (Day 1: Room 5 and 12; Day 2: Room 1 and 10; Day 3: Room 1 and 12; Day 4: Room 5 and 10).
Reliability
Observer reliability was measured by having both observers score the same side of the cage for one complete scan of each behavior, sitting and aggression. The scores were analyzed using a concordance correlation (Zar, 1999) . Observers had a fair to high degree of reliability, scoring r-values of 0.74 (aggression) and 0.90 (sitting) out of a maximum value of 1.0.
Statistics
Hen-day Egg Production. The total number of eggs laid in each cage was divided by the number of hens in the cage, accounting for mortality. The percentages were not transformed before analysis because the residuals were normal.
Egg Location. The numbers of eggs laid in the nest and scratch area were divided by the total number of eggs laid in the cage, and the percentages were square root transformed before analysis. The percentage of nest, middle and scratch eggs were analyzed as separate dependent variables.
Egg Timing. The number of eggs counted during each 20 min scan was summed for each hour to create an hourly interval. To calculate the percentage of eggs laid during each hour, the number of eggs per hourly interval per location was divided by the total number of eggs laid in each location. These data were square root transformed prior to analysis.
Sitting Behavior. The number of hens sitting was averaged for each hour to represent the instantaneous frequency of hens sitting in each location over time. The data did not need to be transformed prior to analysis because the residuals were calculated to be normal.
Aggressive Behavior. The frequency of aggression per scan was summed for each observation period. The total frequency of aggression (threats and aggressive pecks) and displacements were log transformed prior to analysis to make the data more normal.
As described above, raw data were transformed, if necessary, after confirming the normality of residuals using the univariate procedure. Subsequently, all dependent variables were analyzed in a similar manner using a mixed model analysis of variance (SAS Institute, 2014). The basic model for all statistical analyses included the fixed effects of treatment (E vs. O) in addition to tier (middle, bottom) and position in the room (front, center, back). Time period and location (and the interactions among time, location, and treatment) were included in the models used to analyze egg timing, sitting, and aggression. Room was a random effect and day was repeated. Least-squares means were calculated for all significant main effects and interactions, and Tukey post-hoc multiple comparisons were performed as needed for all significant main effects and interactions. For all measures, cage was the experimental unit (n = 24). Data presented are raw means with SEM.
RESULTS
Egg Location
Overall hen-day production did not differ between treatments (E: 93.11 ± 0.91% vs. O: 92.17 ± 1.03%; F 1,16 = 0.10, P = 0.76). There was no effect of treatment on the percentage of eggs laid in the nest area (E: 90.4 ± 0.7% vs. O: 88.0 ± 1.2%; F 1,88 = 1.19, P = 0.28) or the scratch area (E: 6.8 ± 0.5% vs. O: 7.4 ± 0.9%; F 1,88 = 0.03, P = 0.87). There was also no effect of treatment on the percentage of eggs laid in the middle of the cage (E: 2.8 ± 0.3% vs. O: 4.6 ± 0.6%; F 1,88 = 1.97, P = 0.16). There were fewer eggs laid in the nest (84.7 ± 1.2% vs. 91.8 ± 1.1%; P = 0.043) and more laid in the scratch (10.3 ± 1.0% vs. 4.5 ± 0.6%; P = 0.001) in the front of the room, oriented towards the door, than the center of the room. There was no effect of tier on where eggs were laid (P > 0.05).
Egg Timing
There was a main effect of time (F 8,389 = 21.04, P < 0.0001) with peak egg laying occurring between 0830 h and 0930 h (lights on at 0500 h) when an average of 20.6% eggs were laid in that hour. There was no main effect of treatment (P = 0.32) and no interaction between treatment and time (P = 0.51). There was an interaction between time and location ( Figure 3) ; significantly more eggs were laid in the nest than the scratch area between 0730 h and 0930 h, which indicates a shift in egg laying where hens in the scratch area laid later in the morning (F 8,365 = 2.16, P = 0.031). Tier (P = 0.87) and cage position in the room (P = 0.57) did not impact the timing of egg laying. 
Sitting Behavior
There was no effect of treatment on the number of hens sitting (F 1,644 = 1.62, P = 0.20). Significantly more hens sat in the nest than the scratch area (2.1 ± 0.1 vs. 1.1 ± 0.0; F 1,644 = 237.00, P < 0.0001). There was a significant effect of time (F 6,644 = 6.95, P < 0.0001) and an interaction between time and location (F 6,644 = 14.93, P < 0.0001; Figure 4) . Significantly more hens sat in the nest than the scratch area earlier in the morning, corresponding with the laying period; the number of hens sitting did not differ between locations in the last two time periods. There was no interaction between time and treatment (F 6,644 = 1.30, P = 0.2535) or treatment and location (F 1,644 = 2.32, P = 0.1281). There was no effect of tier (F 1,644 = 0.01, P = 0.93) or cage position in the room (F 2,644 = 1.30, P = 0.27).
Aggressive Behavior
Overall, very little aggression was observed during this experiment. When aggressive pecks and threats were pooled together as total aggression, there was a significant effect of treatment; hens in the E treatment were more aggressive than hens in the O treatment (1.4 ± 0.1 vs. 1.0 ± 0.1 bouts/time period; F 1,458 = 4.94, P = 0.027). Hens tended to be more aggressive in the scratch area than the nest (1.4 ± 0.2 vs. 1.0 ± 0.1 bouts/time period; F 1,458 = 3.30, P = 0.07). There was no interaction between location and treatment (F 1,458 = 0.61, P = 0.44). There was no difference in the frequency of aggression between time periods, and therefore there was no distinct peak in aggression (F 4,458 = 3.45, P = 0.009; Figure 5 ). There was no interaction between time and location (F 4,458 = 0.47, P = 0.76) or time and treatment (F 4,458 = 1.29, P = 0.27). There was also no effect of tier (P = 0.43) or position (P = 0.43).
There was no effect of treatment on the number of displacements (F 1,458 = 0.52, P = 0.47). More displacements occurred in the scratch area compared to the nest (4.6 ± 0.3 vs. 1.9 ± 0.1; F 1,458 = 72.17, P < 0.0001), and there was no interaction with treatment (F 1,458 = 1.12, P = 0.29). There was a main effect of time (F 4,458 = 8.10, P < 0.0001; Figure 5) , and no interaction between time and location (F 4,458 = 0.12, P = 0.98). Most displacements occurred in the second and third time periods, between 0800 h and 1010 h. Tier did not affect the number of displacements (P = 0.35). More displacements occurred in cages in the center of the room compared to cages in the back of the room (3.5 ± 0.3 vs. 3.2 ± 0.3; P = 0.04).
DISCUSSION
This experiment confirmed the findings of an earlier experiment where hens had a distinct peak in egg laying around 3.5 h after lights-on (0800 h to 0900 h; Hunniford et al., 2014) . There was also a commensurate peak in sitting and displacement behavior at that time in the current experiment. In addition, eggs that were laid in the scratch area were laid later than eggs laid in the nest, which is also consistent with Hunniford et al. (2014) . Contrary to our predictions, the modifications made to increase the degree of enclosure in the scratch area and create an alternative nest had no effect on egg location or sitting behavior, and unexpectedly had the opposite effect on aggression. There was also no effect of treatment on the timing of egg laying. Unlike the findings in an earlier study performed on a different model of enriched colony cage and a different strain of hen (Hunniford and Widowski, 2016) , increasing the degree of enclosure in the scratch area did not affect nest choice and had little effect on pre-laying behavior.
One factor influencing the impact of increasing the degree of enclosure in the scratch area may be the competing preference for surface-the nest may have been inherently more attractive because it had an artificial turf surface. In Hunniford and Widowski (2016) , the modification made to the scratch area significantly impacted egg laying location. On average, hens laid 10% more eggs in the scratch area with a partition than without. However, the nest surface was made from plastic mesh, which has been shown to be less desirable than other nest surfaces like artificial turf (Guesdon and Faure, 2004) . In the present experiment, the nest surface was made from artificial turf, a preferred surface over other alternatives like coated wire (Struelens, et al., 2008) , rubber (Reed and Nicol, 1992) , or bare wire (Hughes, 1993) . Because the surface in the scratch area was either bare wire or a very small plastic mat (40.6 cm × 35.6 cm), hens may have chosen to lay in the fully enclosed nest area with the desirable turf surface over the semi-enclosed scratch area with less desirable flooring.
Other than surface, the other main characteristic that most hens look for in a nest site is enclosure (Struelens et al., 2008) , although not all hens are equally motivated to lay in an enclosed nest Zupan et al., 2008) and hens in floor pens may prefer corners to the nest box (Lundberg and Keeling, 1999) . Previous research has shown that solid partitions are more effective enclosures than wire (Reed and Nicol, 1992; Ringgenberg et al., 2015) . Unlike some designs of enriched colony cages that have solid metal walls separating adjacent cages, the cages used in the current experiment only had wire walls. Red solid plastic curtains surrounded the nest, while the scratch area was open with only a wire wall between cages. Adding the wire divider in the E treatment may not have changed the perception of enclosure as much as in our previous study (Hunniford and Widowski, 2016) , even with the added red curtain along the cage wall. Therefore, the treatment may not have created an alternative nest at all.
Hens are considered to be conservative in their nest choice (Appleby and McRae, 1986; Lundberg and Keeling, 1999) . Due to logistical constraints, modifications to the cages were made at 21 weeks, which was after some hens may have established a preference for laying location (Cronin et al., 2012) . In Hunniford and Widowski (2016) , nest modifications were made before the hens were placed in EC; in the current experiment, EC were modified when the hens were at 40% of production. Other experiments have modified treatments after laying behavior had been established, and hens did alter their preference when more attractive nest features were offered (Hughes, 1993; Lentfer et al., 2011) , but not if the nest features were equivalent (Ringgenberg et al., 2015) . In a recent experiment, we modified enriched colony cages before the hens were housed, but then remodified the cages at week 28 once hens' laying patterns were well established and egg-laying location was significantly affected (Hunniford and Widowski, University of Guelph, Guelph, Ontario, Canada; personal communication) . It is possible that hens will change their established laying patterns if a significantly more attractive feature becomes available. In the current experiment, the scratch area was modified to be semienclosed; however, the modification may have failed to affect nesting behavior patterns because it was not a strong enough stimulus to overcome the desirable characteristics of the existing nest.
Finally, we previously showed that a wire partition could alleviate competition for nest space . Hens housed in small EC with 70 cm 2 /bird of nest space, without a wire partition in the scratch area, laid more eggs in the nest but were significantly more aggressive than hens in large cages. Because nest space was only 61.9 cm 2 /bird in the current experiment, we expected that hens would express more aggressive behavior as they competed for nest space in the O treatment. If hens perceived the nest as crowded, we also would expect that hens would be more likely to use a less attractive alternative nest site to decrease competition; hens would be less aggressive and lay more eggs in the scratch area. When the nest area is well used, as was the case in Hunniford et al. (2014) with small EC, the increase in aggressive behavior in crowded conditions suggested that a nest space allocation of 70.4 cm 2 /hen may have been insufficient compared with 100.6 cm 2 /hen. In the current study, a nest space allocation of 61.9 cm 2 /hen appeared to be sufficient, but most eggs were laid over a 7 h period instead of 5 h in Hunniford et al. (2014) . Because of this larger distribution of egg laying, fewer hens would need nest space at a given time creating a less competitive environment (Appleby, 2004) . Furthermore, hens in the E treatment were actually more aggressive with no difference in egg location between treatments. Unlike the previous experiment, the timing of aggression did not occur during peak egg laying (displacements did correspond to peak lay) and aggression was higher at the end of the observation period when most hens had already laid their eggs. Instead, this aggression pattern may point to competition for the scratch area for other behavior patterns (e.g., foraging or dustbathing). The wire may have acted as a barrier, making some behaviors more difficult to perform and reducing a hen's ability to avoid others. Therefore, there was no evidence for nest competition in either treatment, which could be due to strain or cage design used in the experiment reported here.
This experiment demonstrated that hens of a different strain housed in a different model of enriched colony cage showed similar egg laying patterns to a previous experiment ) and a clear preference for the nest area. Adding some degree of enclosure to the scratch area did not affect egg location and had little effect on pre-laying behavior. Therefore, increasing the degree of enclosure did not create an "alternative nest" in the scratch area in this experiment. This may be because there was already enough space in the existing nest, the nest may have had vastly preferable characteristics, or the partition and added curtain wall may not have been sufficiently attractive. Future experiments should further test the motivation of hens, including differences among strains, to access nests with different combinations of enclosure and surface material with the goal of determining which nest designs would best fulfill the nesting requirements of hens housed in enriched cages.
